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Abstract
The method of pulse-shape analysis (PSA) for par-
ticle identification (PID) was applied to a double-
sided silicon strip detector (DSSD) with a strip
pitch of 300 µm. We present the results of test
measurements with particles from the reactions of
a 70 MeV 12C beam impinging on a mylar target.
Good separation between protons and alpha parti-
cles down to 3 MeV has been obtained when ex-
cluding the interstrip events of the DSSD from the
analysis.
Keywords: Pulse-shape analysis (PSA), Particle
Identification (PID), Double Sided Silicon Strip Detec-
tor (DSSD, DSSSD), 12C-ions 70 MeV, Targets: C, my-
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1 Introduction
The identification of charged particles by nuclear
charge and mass is a key demand in nuclear spec-
troscopy. A traditional method for identification
of nuclear charges is based on energy loss measure-
ments in a stack of two or more detectors, for ex-
ample made of silicon detectors. The ∆E detector
introduces an energy threshold for particle identifi-
cation and add an energy straggling, since the par-
ticle needs to punch through the first layer of the
stack. If this detector is made of silicon, there exists
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a practical trade-off between minimal thickness and
sensitive area of the detector: Thin silicon detec-
tors (of the order of tens of micrometer) may pro-
vide low energy thresholds and acceptable amount
of energy straggling, but are very limited in size
and, on the contrary, larger detectors have thick-
nesses in the order of 100 µm. During the last years
pulse-shape analysis has become a suitable alter-
native for particle identification, delivering equiva-
lent or even better results than traditional energy-
loss measurements. This method is based on the
fact that the pulse shape of the current signal, in-
duced on the contacts of a silicon detector, contains
information about nuclear charge and partly even
mass of the particle. Two effects mainly define the
time evolution of the current signal (see [1 – 9] and
references therein): on the one hand the signal is
formed by superposition of the signals induced by
both, electrons and holes. As the mobility of elec-
trons is about three times larger than that of the
holes, the shape of the signal depends on the depth
where the charge carriers have been created. The
linear energy transfer of the particle in matter de-
pends on the particle’s velocity and strongly on its
nuclear charge Z. Therefore, the pulse shape will
also be sensitive on these parameters. On the other
hand the particle creates a plasma column along its
trajectory in the detector’s sensitive volume which
shields the external electrical field so that charge
carriers can be separated on the surface of the col-
umn only, resulting in a delayed charge collection.
The delay time is called “plasma erosion time” and
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depends on the ionisation density and, therefore,
again on the deposited energy and the type of the
particle.
Already in 1963 Ammerlaan et al. [1] intro-
duced an experimental method for discriminating
particles with lithium drifted silicon detectors of
2200 µm to 4400 µm thickness exploiting the pulse
shapes. Discrimination between alpha particles and
deuterons was demonstrated in an energy range
from 8 MeV to 26 MeV. It was already proposed
that better separation could be obtained by in-
jecting the particles from the rear side of the de-
tector (non-junction side, n-side) where the effects
due to varying penetration depths and plasma de-
lay act coherently. Later, England et al. [2] used
rear-side injection with a surface-barrier detector
to perform pulse-shape analysis. They exploited
the thin insensitive window layers of surface-barrier
detectors. Progress in this field was achieved by us-
ing the fast output of a wide-band hybrid pream-
plifier. Pausch et al. published several experi-
mental results ([3], [4]) from pulse-shape analysis,
which finally led them to develope a theoretical
model [5] for describing the pulse shape of a sil-
icon detector taking into account the plasma ef-
fects. With this model they were able to explain
the results of former pulse-shape analysis experi-
ments and to improve the method for further exper-
iments [6]. Recently, Mutterer et al. [7] presented
impressive results from pulse shape analysis by us-
ing surface-barrier detectors made of very homo-
geneous neutron-transmutation-doped (n-TD) sili-
con. They demonstrated good Z separation down
to low energies equivalent to a penetration depth of
20 µm in silicon. The effects of crystal-orientation
effects (channeling) on the pulse-shape analysis
were studied carefully by Bardelli et al. in [8].
These studies showed a non negligible impact of
the crystal orientation on the pulse-shape analysis.
In summary, the following features can be named
as being most important for good performance of
pulse-shape analysis:
• homogeneous resistivity profile of the detector
• orientation of the silicon crystal with respect
to the front surface of the detector
• thin insensitive layers on the n-side to allow
reversed operation of the detector
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Figure 1: Scheme of the used DSSD (strips at the
rear side are displayed rotated by 90◦), see text for
details.
• wide-band and low-noise electronics to process
the pulse shape
In recent publications from Bardelli et al. [10] and
Barlini et al. [11] digital sampling techniques were
successfully utilized for pulse-shape analysis exper-
iments. The authors outlined the high potential of
digital pulse-shape analysis for example to decrease
the lower energy threshold of the particle identifi-
cation.
Segmented silicon detectors allow position sen-
sitive measurements. The substantial possibilities
of modern planar technology enable the produc-
tion of a wide varity of segmented detectors for
special purposes. Most segmented detectors, espe-
cially highly segmented detectors, are used mainly
for particle tracking, but also spectroscopy is pos-
sible. So far, pulse-shape analysis with strip de-
tectors has not been investigated often. Lu et al.
[12] used radially segmented silicon detectors with
a rather wide pitch of 8 mm for pulse-shape analy-
sis in combination with time-of-flight measurement.
Also in combination with time-of-flight measure-
ments, Alderighi et al. [13] used silicon detectors
divided into 2 segments with a total sensitive area
of 20 cm2 for particle identification. Another work
utilizing a single-sided segmented silicon detector
with 4 pads of 10 × 10 mm2 each was published
by John et al. [14]. Finally recent work with single
sided strip detectors was done by Bardayan et al.
[15].
In our work we will discuss a first approach of
applying pulse-shape analysis to highly segmented
double-sided silicon strip detectors (DSSD) [16]. As
their name implies they are segmented on both
sides into strips (perpendicular to each other) al-
lowing pixel-like two-dimensional position measure-
ments. The work is motivated by the planed EXL
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experiment [17] which is a part of the NuSTAR
project at the future FAIR facillity. The goal
of EXL is the investigation of elastic and inelas-
tic scattering as well as direct reactions (transfer
and charge exchange) with exotic beams within the
planed NESR storage ring. The reactions will be
performed in inverse kinematics on light nuclei uti-
lizing an internal gas jet or droplet target. The
pulse-shape analysis with DSSDs offers some gen-
eral advantages compared to other techniques and
is particularly suited to meet the requirements of
the EXL project. In the first instance, experimental
situations could be addressed where neither ∆E/E
detector arrays nor time-of-flight measurements are
suitable and a position sensitive measurement is
needed. In addition, a position sensitive mea-
surement also overcomes the homogeneity problems
with using large area detectors for PSA. Especially
larger detectors tend to show more inhomogeneity
of the resistivity profile than smaller ones, resulting
in a position dependence of the pulse-shape analysis
performance. For the small area of one “pixel” the
detector material can be expected to be sufficiently
homogeneous and pulse-shape analysis can be done
precisely pixel per pixel in order to be insensitive
to global changes in detector homogeneity. On the
other hand, it is an open question wether properties
only present in segmented detectors, like distorted
electrical fields between two adjacent strips or in-
terstrip events, could affect proper particle identi-
fication.
In the following, we will present results of the
pulse-shape analysis with a DSSD segmented into
16 strips each side. Test measurements were
performed at the Tandem-van-de-Graaff accelera-
tor of the Maier-Leibnitz-Laboratorium, Garching.
Mainly light particles up to 4He from the reactions
of a 70 MeV 12C beam impinging on a mylar target
have been investigated. Results of these measure-
ments will be presented.
2 Experiment
2.1 Detector
As already mentioned, we used a DSSD with 16
strips on each side and a strip pitch of 300 µm.
It has outer dimensions of 7.1 × 7.1 mm2 and is
made of 300 µm thick n-type silicon. The detec-
-0.2
0
0.2
0.4
0 20 40
vo
lta
ge
 [m
V]
time [ns]
∆t
start stop
Figure 2: Top curve: simulated pulse shape of a
5.5 MeV alpha particle impinging the n-side of an
silicon detector (bias voltage: 80 V, depletion volt-
age: 50 V); middle curve: shaped signal (amplified,
differentiated: 20 ns, integrated: 2 ns) giving the
start signal; bottom curve: same as above but in-
verted, giving the stop signal; dashed lines indicate
LED trigger levels.
tor was developed and produced in cooperation
with the Physical-Technical Institute, St. Peters-
burg, Russia as a small prototype for the EXL ex-
periment. The strips of the junction side (p-side)
are the boron implanted lines separated by an ox-
ide layer. The strips of the rear side (n-side) are
phosphorus implanted regions insulated by the p+-
implanted lines. Interstrip gaps are 15 µm wide at
the p-side and 65 µm at the n-side. A schematic
view of the detector is shown in figure 1. This strip
pattern is also representative for the larger EXL
prototype detectors (21× 21 mm2) investigated so
far [18]. The detector bias can be applied through
the innermost of the 5 guard rings surrounding the
detector (punch through biasing). The depletion
voltage of this detector is about 50 V and it was
operated, slightly over-biased, between 60 V and
80 V.
2.2 Electronics setup
As the current signal is induced on both sides of the
detector electrodes, the electronics setup for PSA
was connected only to one side, whereas the other
side was read out with standard electronics for the
energy measurement. Energy signals from both,
p- and n-side, are used for the discrimination of
interstrip events. These are events, which cause
signal sharing among two or more strips at either
side of the detector. The method we used for PSA
3
Figure 3: Block diagram of the electronics used in
the experiment, for details see text.
is similar to the one Mutterer et al. successfully
used in [7]. The preamplifier in our setup was the
same modified CSTA2. The CSTA2 (development
of electronics laboratory of IKP at TU Darmstadt
[19]) is a wide-band hybrid preamplifier with a slow
output for energy measurements and a fast timing
output. With the applied modification, the fast
timing signal represents a good approximation of
the current signal induced in the detector. This
signal is amplified and shaped with a TFA2000-6
timing filter amplifier, which is also a development
of IKP at TU Darmstadt.
Figure 2 (top curve) shows the simulation of a
pulse shape induced by a 5.5 MeV alpha particle
(like from a 241Am alpha source) penetrating the
n-side of a silicon detector (bias voltage: 80 V, de-
pletion voltage: 50 V). The software code [20] is
based on a model by Pausch et al. [5]. An alpha
particle with such energy penetrates roughly 20 µm
into silicon and therefore produces a relatively slow
pulse when stopped so close underneath the surface
of the rear side (n+-layer). To illustrate the prin-
ciple of pulse-shape analysis, the simulated signal
is amplified, differentiated with a time constant of
20 ns and integrated with an integration time of
2 ns (middle curve in figure 2), the same way as it
was done in the experiment. The time constants
are chosen in such a way that an overshoot is pro-
duced for all pulses expected. Therefore, the time
constant of the differentiation should be in the or-
der of the smallest pulse width. The time constant
of the integration should be set smaller than the
rise time of the fastest pulses. The actual values
have to be fine tuned with the oscilloscope as they
depend in practice also on cable lentghs, stray ca-
pacities etc. which influence the shape of the sig-
nal. By using a Leading Edge Discriminator (LED)
with a low threshold close to the noise level (indi-
cated by a dashed line in figure 2), one can derive
a start signal from the pulse. The same but in-
verted signal (bottom curve in figure 2) is used to
get a stop signal by triggering with another LED
on the undershoot, which is a result of the differ-
entiation. The measured time difference between
start and stop signal, digitized in a TDC, repre-
sents an approximation of the pulse width, which
is our first observable for PSA. The second observ-
able, the energy, is measured with the energy out-
put of the CSTA2 preamplifier on the p-side and
GSI developed hybrid preamplifiers DC coupled to
the n-side. Amplifiers and ADCs are standard elec-
tronics. An electronic block scheme exemplary for
one channel of each side is given in figure 3.
2.3 Setup at the tandem accelarator
at MLL
We tested the particle identification with parti-
cles emitted following compound reactions of a 12C
beam at 70 MeV impinging on a 2 µm thick mylar
target. By placing an absorber foil (100 µm Al) in
front of the DSSD all heavier products of the reac-
tion and elastically scattered beam particles were
stopped so that only light particles up to helium
including elastically scattered protons reached the
detector. With respect to the beam axis the DSSD
covered an angle of 17.8◦ ± 0.5◦ at a distance of
24 cm to the target. As usual for PSA measure-
ments, the detector was used in reverse configu-
ration, i. e. the n-side facing the particles. Parti-
cles punching through the DSSD were detected in
a silicon PIN diode (10 × 10 mm2, 380 µm thick),
which was placed behind the DSSD. With the help
of this additional detector we were able to perform
∆E/E measurements for comparison and, in the of-
fline analysis, to exclude events punching through
the DSSD for which the simple PSA described in
this paper is not applicable.
3 Results and discussion
Figure 4 (top left) shows the measured energy plot-
ted against the relative pulse width for strip #3,
without any further conditions on the data. The
values of the pulse width plotted comprise an off-
set caused by the electronics which was arbitar-
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Figure 4: Left side: energy versus relative pulse width (offset normalized to 23 MeV alpha-particle
energy) exemplary for strip #3; right side: energy correlation between p-side and n-side of the DSSD;
conditions applied in the analysis (from top to bottom): all events, only particles stopped in the DSSD,
stopped particles without interstrip events.
ily set to zero for alpha particles at an energy of
23 MeV. Despite the presence of interstrip events,
alpha particles (max. energy loss of 25 MeV in
300 µm Si) can be clearly distinguished from pro-
tons (max. 6.5 MeV in 300 µm Si).
In figure 4 (top right), the energy measured on
the p-side is plotted against the energy measured
on the n-side. Events, when one single strip of each
side measuring the full energy, are located on a di-
agonal. The off-diagonal entries arise from inter-
strip events. The second line appearing above the
diagonal in this pattern is yet not fully understood.
We assume that it is caused by particles hitting the
area of the p+-insulation between the strips of the
n-side where the charge carriers get lost.
In figure 4 (middle row), only those events
are selected, where the particles were stopped in
the DSSD, which removes the horizontal line in
the PID pattern representing energy-loss signals.
To exclude interstrip events, we have furthermore
set a window along the diagonal in the energy-
correlation plot, which is shown in figure 4 (bottom
row). The events originating from alpha particles
and protons are now clearly visible in the PSA pat-
tern and well separated from each other down to en-
ergies of about 3 MeV. The additional weak branch
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Figure 5: Energy loss in the DSSD (energy signals
taken from p-side) vs. energy of diode.
comprising events with energies up to 8 MeV, which
became visible, we attribute to deuterons. Apply-
ing the condition on the interstrip events, roughly
half of the events in strip #3 are rejected. It hast to
be noted that the percentage of interstrip events is
not directly connected to the geometrical interstrip
area of the detector. Furthermore, the value de-
pends on the particle energy because the extension
of the field of the strips is varying with depth. This
dependence can be already seen in figure 4 (middle
right) where the count rate of the off-diagonal en-
tries is not equally distributed. For applications
where the absolute detector efficiency is of impor-
tance, this effects need to be studied carefully. But
of course, this is also relevant if the DSSD is used
for spectroscopy only.
For comparison, figure 5 shows a ∆E/E-rest
spectrum (only interstrip events are excluded)
where p, d and alphas plus a few tritons can be
identified. Figure 6 finally shows some pulse shapes
randomly recorded with an oscilloscope connected
to strip #16. They demonstrate the large variance
of current signals in a silicon detector. The ringing,
which is visible especially in the strong and fast sig-
nals, is not a property of the detector but caused
by the electronics.
4 Summary and conclusions
In this work the feasibility of pulse-shape analysis
for particle discrimination with double-sided sili-
con micro-strip detectors was successfully demon-
strated for the first time. Protons and alpha par-
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Figure 6: Random set of pulse shapes from DSSD
strip #16 measured with a Tectronix TDS 3054C
(500 MHz, 5 GS/s) oscilloscope coupled, via a tim-
ing filter amplifier, to the fast timing output of the
CSTA2 preamplifier.
ticles could easily be distinguished from each other
down to an energy of 3 MeV corresponding to
a range of 12 µm for alpha particles in silicon
and 94 µm for protons respectively. There is also
the potential to separate deuterons and tritons for
which in the applied reaction the statistics was low.
Excluding the interstrip events in the offline anal-
ysis, which is an adequate procedure when using
DSSDs for spectroscopy, the performance of the
pulse-shape analysis is comparable to what is ex-
pected from unsegmented detectors. Motivated by
these encouraging results, further research in this
topic will be done. Especially the possibilities of
digital sampling techniques ([10], [11]) will not only
simplify the setup of electronics but could also lead
to improved performance. The possibility to imple-
ment our PSA on digital electronics will be investi-
gated for future experiments and especially for the
upcoming inner shell of the EXL detector to iden-
tify p, d, t, 3He and alpha particles at low energies.
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